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Abstract
Background Supraventricular tachycardia is the most common dysrhythmia in children. Initial vagal maneuvers are 
successful less than half of the time. Adenosine, a potent AV nodal blocker with a short half-life, is recommended as 
first line pharmacotherapy. Minor side effects from adenosine are common, but report of serious side effects such as 
sustained ventricular tachycardia, torsades de pointes, syncope or hypotension are confined to small case series or 
studies greater than 20 years old. We aimed to specifically identify the incidence of serious side effects of adenosine in 
children in the emergency department.

Methods Between 2002 and 2022, all children less than 18 years old who received adenosine for tachyarrhythmia 
treatment in two emergency departments were included. The electronic record was reviewed for demographic 
information, patient history, treatments given, and side effects or complications were observed. Electrocardiograms 
before, during and after adenosine administration were reviewed.

Results 77 patients met inclusion criteria. There were 74 patients with an initial rhythm of typical SVT. The other 
three patients included one with a junctional rhythm, one with atrial fibrillation, and one with an undetermined 
narrow complex tachycardia. 49 patients had cardiac rhythm monitoring during adenosine administration. 17 of 
these patients had three or more consecutive ventricular beats following adenosine, however no patients required 
treatment. No patients had syncope. One patient had brief hypotension after adenosine that normalized without 
intervention. Four patients were electrically cardioverted after adenosine, all for persistent dysrhythmias: two for 
persistent SVT with hypotension, one for atrial fibrillation and one for an undetermined rhythm. Twelve patients were 
placed on continuous antiarrhythmic medication for persistent SVT. Age, gender, prior SVT history, initial adenosine 
dose, and need for additional doses were not significant risk factors for a prolonged sinus pause or greater than two 
ventricular beats.

Conclusions Adenosine treatment in typical supraventricular tachycardia in pediatric patients is safe.
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Background
Supraventricular tachycardia (SVT) is the most common 
symptomatic dysrhythmia in children. It can be defined 
as a group of tachydysrhythmias that originate above or 
at the level of the atrioventricular (AV) node. The ven-
tricular rate is greater than what is normal for age, usu-
ally more than 220 beats per minute (BPM) in infants and 
more than 180 BPM in children and adolescents. There is 
usually a narrow QRS complex, measuring less than 120 
milliseconds [1–4].

In children younger than 12 years of age, accessory 
pathways are the most common cause of SVT. Patients 
with congenital heart disease confer the highest risk of 
occurrence [5, 6]. The most common presenting symp-
toms of SVT are palpitations (96%), anxiety, lightheaded-
ness (75%), chest pain (35%), diaphoresis (17%), fatigue 
(23%), with less common manifestations of hypotension 
or syncope (20%). Infants typically manifest with fussi-
ness, irritability, tachypnea, failure-to-thrive, and poor 
feeding [7, 8].

Vagal maneuvers are non-invasive and recommended 
as initial treatment for stable pediatric patients with 
SVT. However, they are successful only 27–53% of the 
time [7, 9, 10]. If vagal maneuvers fail and the patient is 
still hemodynamically stable, then adenosine is recom-
mended as first line pharmacotherapy [7, 9]. Adenosine 
is an endogenous nucleoside that has a wide variety of 
effects on the cardiovascular system. It has an extremely 
short half-life and is a potent AV nodal blocker [11, 12]. 
When treating AV nodal reentrant tachycardia, conver-
sion rates are up to 96% [13].

Minor side effects with rapid adenosine administration 
are common. These include chest discomfort, flushing, 
and dyspnea [7, 14–17]. Serious side effects of adenos-
ine requiring critical interventions have been confined 
to case reports or small case series. These side effects 
include sustained ventricular tachycardia, hypotension, 
and torsades de pointes [18–22]. In a number of papers 
over 20 years ago, adenosine was shown to be effective in 
children and results indicated that no serious side effects 
were observed [13, 16, 23, 24]. These studies did not have 
side effects as the primary outcome. However, despite 
older evidence of minimal risk, we continue to devote a 
significant number of staff and resources into preventing 
these “possible” complications in the emergency depart-
ment (ED).

With this paper, we aimed to determine the incidence 
of any serious side effects of adenosine requiring inter-
vention in children over a decade of treatment in the ED. 
Secondary outcomes included the number of patients 
that required further intervention including repeat 
adenosine dosages, other anti-arrhythmic or AV nodal 
blocking medication, or electrical cardioversion.

Methods
We performed a retrospective multi-hospital series of all 
patients less than 18 years of age who received intrave-
nous adenosine for tachyarrhythmia treatment in the ED 
over the 10-year period between 2002 and 2022. The two 
participating sites were Loma Linda University Children’s 
Hospital, a tertiary pediatric referral center, with approxi-
mately 38,000 ED visits per year and Riverside University 
Health System, with approximately 15,000 pediatric ED 
visits per year.

The electronic medical record was queried for all 
patients that received adenosine in the emergency 
department. Using a standardized data collection form 
and trained data collectors not blinded to the study 
objective, the following data points were collected: 
demographic information, past medical and cardiac his-
tory, vital signs, ED treatments, and disposition.

The standard age-based formula defining hypotension 
of less than 70 + 2(age in years) in millimeters of mercury 
(mmHg) was used to determine hypotension before and 
after adenosine was given. Systolic blood pressure less 
than 90mmHg was considered hypotensive for patients 
older than 10 years. While systolic blood pressure is 
not a perfect surrogate for pediatric hypotension, it was 
chosen due to being the closest marker available which 
is reported regularly in the ED. Weight-based dosing of 
adenosine was recorded, including dosage and number of 
repeat doses given.

Troponin lab values when performed were recorded. 
Troponin levels were ordered at the discretion of the 
ED provider. We reviewed electrocardiogram and car-
diac rhythm strips and recorded the length of the car-
diac pause after adenosine administration. The treating 
physician’s determination of initial cardiac rhythm and 
rhythm after interventions were recorded. We reviewed 
documented complications immediately after adenos-
ine administration including hypotension, ventricular 
arrhythmia greater than two consecutive ventricular 
beats, prolonged cardiac pause, or syncope.

Data analysis was conducted using STATA (STATA 16, 
StataCorp LLC, College Station, TX). Logistic regression 
was used to determine the likelihood of multiple risk fac-
tors for side effects. Non-normally distributed data were 
described using medians and interquartile ranges (IQR). 
Descriptive statistics were also used. This study was 
approved by the Institutional Review Boards at both hos-
pital sites.

Results
There were 77 patients that met inclusion criteria. These 
included 43 males and 34 females. The age range was one 
week old to 17 years old with a median of nine years (IQR 
3–13).
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37 patients had a previous history of SVT, including 
two patients with known Wolff-Parkinson-White syn-
drome. Six patients had previously diagnosed structural 
cardiac disease including one with aortic stenosis and 
ventricular septal defect (VSD), one with right atrial 
isomerism, total anomalous pulmonary venous return, 
functional single ventricle and pulmonary atresia, one 
with double inlet left ventricle status post Fontan pro-
cedure, one with right atrial dilation and two with VSD 
alone.

74 patients had an initial rhythm of SVT. One patient 
had a junctional rhythm, one patient had atrial fibrilla-
tion with rapid ventricular rate, and one patient had an 
undetermined narrow complex tachycardia (Fig. 1).

For the patients weighing greater than 60 kg (kg), ini-
tial dose was 6 milligrams (mg) in 88% of patients, and 
12 mg in 12%. For patients weighing less than 60 kg, ini-
tial dose ranged from 0.07 to 0.38 mg/kg with a median 
of 0.11  mg/kg (IQR 0.10–0.12). 34 patients required 
repeated doses of adenosine including 18 patients who 
received 1 extra dose, 13 patients who received 2 doses, 
and 3 patients who received 3 doses (Fig. 1).

49 patients had cardiac rhythm monitoring during 
adenosine administration available to review. 28 patients 
did not. Of the 49 patients with reviewable rhythm, 
the cardiac pause immediately after adenosine was a 
range between 0.4 and 4.2  s, with a median of 1  s (IQR 
0.8–1.6 s). There were 13 patients that had three or less 

consecutive ventricular beats immediately after adenos-
ine. Two patients had four ventricular beats, one patient 
had six and one patient had nine. Figure  2 shows the 
rhythm strip of a nine-year old female with new-onset 
SVT who was given 6 mg of adenosine. She had a brief 
sinus pause, six ventricular beats, then conversion to 
sinus rhythm. No patients with ventricular beats required 
treatment for ventricular tachycardia. One patient 
had documented hypotension after adenosine cardio-
version, however blood pressure normalized without 
intervention.

Using logistic regression, we calculated the risk of mul-
tiple factors including age, gender, prior history of SVT, 
initial dose and repeat adenosine doses for the complica-
tions of sinus pause greater than 3 s or ventricular beats 
three or greater. None of these factors were statistically 
significant for either complication (Tables 1 and 2).

Four patients were electrically cardioverted including 
two patients that were hypotensive and still in SVT after 
adenosine. One patient with persistent atrial fibrillation 
underwent electrical cardioversion three times, but did 
not convert, and was admitted to the pediatric inten-
sive care unit (ICU). One patient with an undetermined 
rhythm was electrically cardioverted after adenosine 
and amiodarone produced no change in rhythm (Fig. 3). 
The patient then required intubation, immediately after 
which had 15 min of cardiac arrest with return of spon-
taneous circulation. The patient’s echocardiography 

Fig. 1 Diagram of Patients Rhythms and Treatments SVT: supraventricular tachycardia RVR: rapid ventricular response ICU: intensive care unit w/: with 
PMH: past medical history ROSC: return of spontaneous circulation ECHO: echocardiography VA ECMO: veno-arterial extracorporeal membrane oxygen-
ation LV: left ventricle
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(ECHO) showed arrhythmia-induced heart failure, 
requiring extracorporeal membrane oxygenation for car-
diogenic shock. Subsequently, the rhythm was shown 
to be an ectopic atrial tachycardia. The patient regained 
normal cardiac function and was weaned off antiarrhyth-
mic medication completely.

Twelve patients with persistent SVT after adenosine 
were placed on continuous antiarrhythmic medication 
including eleven patients on esmolol and one patient on 
amiodarone. One patient with persistent SVT was admit-
ted and placed back on their home digoxin.

A troponin T level was drawn in five patients. Of these, 
four were normal. One was significantly elevated at 
0.51 nanograms per milliliter (ng/mL) (reference range, 

<=0.03ng/ml). This increased to 0.77 during admission. 
The patient’s ECHO showed normal ventricular func-
tion with no wall motion abnormality. Per chart review, 
this patient was likely in SVT for more than 24 h prior to 
arrival at the hospital.

36 patients were discharged from the ED. 11 patients 
were admitted to a non-ICU bed, including one patient 
with acute appendicitis, one patient with a supracondy-
lar humerus fracture, and one patient that was scheduled 
for cardiac ablation the following day. 29 patients were 
admitted to the ICU. Two of these patients were admit-
ted to the ICU for bronchiolitis with albuterol-associated 
SVT. Ultimately, eight patients in the study group were 
diagnosed with Wolff-Parkinson-White syndrome.

Discussion
In this study, we found that adenosine treatment in pedi-
atric patients with SVT was safe. This is the largest study 
of side effects of adenosine in children to date. There 
were no patients with sustained ventricular tachycardia 
or prolonged cardiac pauses that required intervention. 
When excluding undetermined rhythms and atrial fibril-
lation, the only patients that required electrical cardio-
version were those persistently in SVT who then became 
hypotensive. We discovered that 44% of patients required 
extra doses, and 22% of patients either required electrical 
cardioversion or continuous antiarrhythmic medication 
to maintain sinus rhythm. Adenosine is often thought to 
induce significant cardiac pause and frequent ventricular 
beats which may be anxiety-inducing for treating physi-
cians and staff. This study supports the fact that these 
events are transient and do not require intervention.

Table 1 Risk for sinus pause > 3 s SVT: supraventricular 
tachycardia CI: confidence interval

Odd Ratio 95% CI P value
age 1.33 0.69–2.56 0.395
gender 0.12 0.00-7.47 0.313
history of SVT 0.05 0.00-3.87 0.177
initial dose 30.94 1.42 × 10− 6- 6.74 × 108 0.691
repeat dose 14.24 0.09–2281 0.305

Table 2 Risk for > 2 ventricular beats SVT: supraventricular 
tachycardia CI: confidence interval

Odds Ratio 95% CI P value
age 1.08 0.90–1.30 0.415
gender 2.26 0.34–14.88 0.397
history of SVT 6.08 0.15-250.44 0.342
initial dose 0.17 8.09 × 10− 10- 3.5 × 107 0.855
repeat dose 0.15 0.04–2.37 0.256

Fig. 2 ECG showing ventricular beats after adenosine
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There are rare times that additional consideration or 
precautions may be needed when administering ade-
nosine in children. Patients with difficult-to-determine 
rhythm or ill-appearing on presentation are more likely 
to have underlying heart failure. These patients are more 
likely to have life-threatening events requiring immediate 
intervention. There are very rare cases in the literature of 
bronchospasm induced by adenosine [25–27]. We had no 
cases of bronchospasm which reiterated the infrequency 
of this side effect.

When used in atrial fibrillation, adenosine can precipi-
tate ventricular fibrillation due to increased ventricular 
irritability [28, 29]. Giving adenosine to a patient with an 
accessory conduction pathway such as in Wolff-Parkin-
son-White syndrome can also be dangerous when paired 
with atrial tachycardia. Adenosine often does not inhibit 
conduction through an accessory pathway, causing unop-
posed conduction through it and ventricular fibrillation 
[29]. Given the low number of pediatric patients with 
atrial fibrillation, potential for complications, and poor 
conversion rate with adenosine, we recommend against 
the use of adenosine for treatment of atrial fibrillation.

Multiple case studies have shown patients with long QT 
syndrome at risk for developing torsades de pointes [18, 
20, 30]. It has been proposed as a test to identify patients 
with long QT syndrome [22]. There were no patients with 
long QT syndrome in our cohort, but we advise caution 
in these patients if the syndrome is known.

Conclusions
The use of adenosine is safe in the vast number of chil-
dren with typical SVT that is narrow, regular and 
uniform. More caution is advised if patients have hypo-
tension, signs of heart-failure, long QT syndrome, or 
other less common atrial rhythms. Without these indica-
tions, the authors advise against placing defibrillator pads 
on the patient. Overall, a practitioner can feel confident 
when using adenosine in the correct clinical scenario.
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